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Description 



AN INDICATOR FOR USE IN VEHICLES 
HAVING AN ENERGY STORAGE DEVICE 

Background of Invention 
[0001] 1. Field of the Invention 

[0002] The present invention relates to an indicator for use in ve- 
hicles having an energy storage device. The indicator indi- 
cates an amount of power available from the energy stor- 
age device. 

[0003] 2. Background Art 

[0004] A hybrid electric vehicle (HEV) includes at least a primary 
power source and a secondary power source. Typically, 
the primary power source is a fuel cell, an engine, or other 
energy generating device, and the secondary power 
source is a battery or other energy storing device. 

[0005] The secondary power source, such as the battery, can be 
used to provide energy to an electric motor or other elec- 
tric device for electric assist. The electric assist generally 



includes providing torque for driving the vehicle. The 
electric assist torque can supplement torque provided by 
the primary power source, it can be the sole source of 
torque, or it can used to engage an electric four-wheel 
drive system. 

[0006] The secondary power source stores energy as opposed to 
generating energy. As such, the amount of energy the 
secondary power source can provide for generating torque 
is limited to its stored energy. 

[0007] It is desirable to indicate to the driver the amount of 

stored energy available from the secondary power source. 
As such, there exists a need to indicate an amount of 
power available from the energy storage device. 
Summary of Invention 

[0008] The present invention addresses the need identified above 
with an indicator. The indicator indicates an amount of 
power available from an energy storage device. The indi- 
cator normalizes raw energy values to values which are 
understood by the driver. 

[0009] One aspect of the present invention relates to an indicator 
system in a vehicle having an energy storage device that 
contributes power to an electric assist device. The indica- 
tor can be used with any electric assist device in the vehi- 



cle that can be used for providing torque. 

[0010] The system can be used with traction motors in a series 

hybrid electric vehicle (SHEV), a parallel hybrid electric ve- 
hicle (PHEV), and a powersplit hybrid electric vehicle 
(PSHEV). In addition, the indicator can be used with elec- 
tric four-wheel drive vehicles where a battery powers an 
electric motor used to optionally drive normally non- 
driven wheels of a two-wheel drive vehicle in order to 
provide electric four-wheel drive. 

[0011] The system includes a processing source to calculate a 
normalized amount of power available from the energy 
storage device. In addition, the system includes an indica- 
tor to indicate the normalized amount of power available 
from the energy storage device so that the driver can view 
the indicator. 
Brief Description of Drawings 

[0012] Figure 1 illustrates an exemplary hybrid electric vehicle 

system having an indicator in accordance with the present 
invention; 

[0013] Figure 2 illustrates one embodiment of the indicator pro- 
viding a percentage display in accordance with the present 
invention; 

[0014] Figure 3 illustrates a first flow chart for a first normaliza- 



tion method which normalizes a battery state of charge in 
accordance with the present invention; 

[0015] Figure 4 graphically represents the first normalization 
method show in Figure 3; 

[0016] Figure 5 illustrates a second flow chart for a second nor- 
malization method which normalizes a battery discharge 
limit in accordance with the present invention; 

[0017] Figure 6 graphically represents the second normalization 
method show in Figure 5; 

[0018] Figure 7 illustrates a third flow chart for a third normal- 
ization method which normalizes a battery state of charge 
and a battery discharge limit in accordance with the 
present invention; 

[0019] Figure 8 illustrates one embodiment of the indicator pro- 
viding a range display in accordance with the present in- 
vention; 

[0020] Figure 9 illustrates one embodiment of the indicator pro- 
viding an electric assist available display in accordance 
with the present invention; 

[0021] Figure 10 illustrates a fourth flow chart for a fourth nor- 
malization method which normalizes a battery discharge 
limit based on a battery temperature threshold in accor- 
dance with the present invention; and 



[0022] Figure 11 graphically represents the fourth normalization 
method show in Figure 10. 
Detailed Description 



[0023] FIGURE 1 illustrates an exemplary hybrid vehicle that is 
commonly referred to as a powersplit hybrid vehicle 
(PSHEV) system 10. The system 10 includes an engine 14, 
a transmission 16, and a battery 20 which operate with a 
planetary gear set 24, a generator 26, a motor 28, and 
meshing gears 32 to provide the torque. The torque is re- 
ceived by a torque shaft 36 for transfer to a differential 
axle 38 mechanism for final delivery to wheels 40. 

[0024] The present invention can be used with any hybrid system 
which includes the battery or other energy storage device 
to provide power to the electric assist device. In particular, 
the present invention can be used with a series hybrid 
electric vehicle (SHEV), a parallel hybrid electric vehicle 
(PHEV), and a powersplit hybrid electric vehicle (PSHEV). In 
addition, the system can be used with electric four-wheel 
drive vehicles where a battery powers an electric motor 
used to optionally drive normally non-driven wheels of a 
two-wheel drive vehicle in order to provide electric four- 
wheel drive. In the case of electric four-wheel drive, the 
electric assist device may not couple to the transmission 



18 as shown. 

[0025] A vehicle system controller 44 (VSC) selects the power and 
torque delivery mode based on the vehicle operating con- 
ditions and a predefined strategy. To this end, the vehicle 
system controller 44 receives a signal from a transmission 
range selector 46 (PRND), accelerator pedal position (APP) 
48, a brake pedal position sensor 50 (BPPS), and a battery 
signal 68 indicating battery energy levels. 

[0026] In response to the received signals, the vehicle system 

controller 44 generates signals to the engine 14, a trans- 
mission control module 54 (TCM), and a battery control 
module 56 (BCM). Theses signals include a desired engine 
torque 60, a desired wheel torque 62, a desired engine 
speed 64, and a generator brake command 66. The mod- 
ules then provide further signal to control the hybrid vehi- 
cle, such as a generator brake control 70, a generator 
control 72, and a motor control 74. 

[0027] The use of the battery 20 to provide power to the motor 
28 for driving the vehicle is commonly referred to as elec- 
tric assist. The electric assist can be provide as the sole 
source or torque or in combination with torque provided 
by the engine 14. 

[0028] The system 10 further includes a relative level indicator 



82. The level indicator 82 indicates an amount of power 
available from the battery 20, or other energy storage de- 
vice that may be used, such as an ultracapacitor, in place 
of the battery. 

[0029] Figure 2 illustrates a relative percentage indicator 84 in 
accordance with the present invention. The relative per- 
centage indicator 84 includes a displayed level 86. The 
driver can view the displayed level 28 to determine 
whether the battery 20 has sufficient power to conduct a 
desired driving operation. In this manner, the driver 
makes a driving decision based on the indicator 84. The 
displayed level 86 indicates the level relative to a full po- 
sition 88 and an empty position 90. 

[0030] The indicator 84 can be located on an instrument panel or 
in another area viewable by the driver. The driver can view 
the indicator 84 and may make a driving decision based 
on the level of indicated power. The displayed level 28 
corresponds with a normalized available power value. The 
normalized available power value is calculated by the ve- 
hicle system controller 44 based on one of the number of 
normalization methods of the present invention. 

[0031] In general, the displayed level 86 is a normalized value of 
the available battery power, typically a percentage. The 



percentage is normalized because the actual or raw 
amount of power from the battery 20 is not easily under- 
stood by the driver. In other words, the driver cannot eas- 
ily understand how the battery's state of charge or dis- 
charge limit affects the amount of power available from 
the battery. To address this problem, the present inven- 
tion normalizes the amount of power available from the 
battery according to one of the normalization methods 
disclosed below. 
[0032] Figure 3 is a flow chart that illustrates a first normaliza- 
tion method, which is referred to with reference numeral 
92. The first normalization method includes a step 94 to 
calculate a battery state of charge (SOC). The SOC is a raw 
percentage value that indicates how much power the bat- 
tery has stored relative to its fully charged state. The SOC 
is a dynamic value derived from operating parameters, 
such as current, voltage, and temperature of the battery 
and changes relating to vehicle operation. Accordingly, it 
is a raw value derived directly from the battery prior to 
any normalization. The SOC decreases when the battery is 
discharging, and the SOC increases when the battery is 
charging. 

[0033] Step 96 calculates an SOC low limit value (SOC LLV) for the 



battery. The SOC LLV corresponds with a minimum SOC 
the battery should maintain at all times to insure full dis- 
charge capability. The SOC LLV is selected according to 
the type of battery and other factors, such as battery tem- 
perature and battery age, or it can be calculated by the 
vehicle system controller 44. 

[0034] Step 98 calculates a SOC minimum offset to the SOC LLV. 
The minimum offset includes adding an SOC low offset 
limit (SOC LOL) to the SOC LLV. Addition of the SOC LOL 
to the SOC LLV increases the reserve amount of stored 
power. The reserve amount of power is still available if 
needed, but it is not indicated to the driver. Preferably, 
the driver makes a driving decision without reliance on the 
reserve amount. The SOC LOL provides additional protec- 
tion to prevent over discharging of the battery. The vehi- 
cle system controller 44 selects or calculates the SOC LOL. 

[0035] Step 100 calculates a SOC maximum offset to the SOC 
LLV. The maximum offset includes adding an SOC high 
offset limit (SOC HOL) to the SOC LLV. Much like the mini- 
mum offset, the maximum offset indicates a maximum 
useable amount of SOC. The maximum useable amount of 
SOC is typically less than the maximum capability of the 
battery. The SOC HOL is typically a numeric SOC value that 



corresponds with an idealized high limit on SOC to pre- 
vent over charging. The maximum SOC offset is typically 
less than the battery's rated maximum SOC. The vehicle 
system controller 44 can select or calculate the SOC HOL 
[0036] Step 100 normalizes the SOC calculated in step 40 for 

display to the driver. The normalization includes adjusting 
the calculated SOC based on the SOC LLV, SOC LOL, and 
SOC HOL. The normalized SOC becomes the displayed 
percentage. Equation (1) illustrates a formula for calculat- 
ing the normalized SOC in accordance with the first nor- 
malization method. 



[0037] 



[Calculated SOC —Minimum Offset) 

Displayed percentage=—- — 

(Maximum Offset - Minimum Offset) 

(1) 



[0038] Figure 4 is a graphical representation of the first normal- 
ization method. The graph of Figure 4 shows that the SOC 
LLV is 40%, the SOC LOL is 0%, and the SOC HOL is 40%. A 
calculated SOC of 40% is displayed as a normalized SOC 
percentage of 0%. A calculated SOC of 80% is displayed as 
a normalized SOC percentage of 100%. A calculated SOC 
in the range of 40% to 80% is linearized and is displayed 
as a normalized SOC percentage in the range of 0% to 



100%. 

[0039] Returning to Figure 3, an optional override step 104 per- 
mits overriding tlie displayed percentage. The override 
forces the displayed percentage to 0% regardless of the 
normalized SOC. The override is triggered by the battery's 
discharge limit (DCL). The DCL is a numerical parameter 
that indicates how rapidly the battery can instantaneously 
discharge its stored power. Like SOC, DCL is a dynamic 
value that changes as a result of driving conditions or 
other vehicle conditions, such as battery temperature. 

[0040] The override includes monitoring whether DCL is lower 
than a predefined DCL threshold. The DCL threshold cor- 
responds with the inability of the battery to instanta- 
neously discharge sufficient power. The sufficient power 
is a design parameter of the battery, but it generally cor- 
responds to the point at which the decision to be made by 
the driver becomes more affected by the low DCL than the 
normalized SOC. The override is advantageous because 
the SOC may be sufficient for conducting the desired driv- 
ing operation, but the DCL is so low that the battery can- 
not discharge the desired power regardless of the SOC. 

[0041] Figure 5 is a flow chart that illustrates a second normal- 
ization method that is referred to with reference numeral 



108. This normalization method differs from normaliza- 
tion method illustrated by Figure 3 in that the displayed 
percentage is a normalized DCL and the override is trig- 
gered by the calculated SOC. 
[0042] Normalization method 108 includes a step 110 for calcu- 
lating the DCL of the battery. The DCL is a percentage de- 
termined by the vehicle system controller 44. The vehicle 
system controller calculates a DCL value based on operat- 
ing parameters of the battery, such as current voltage and 
temperature, and divides the DCL value by a maximum, or 
rated, DCL value to determine the percentage value for the 
DCL. 

[0043] Step 112 calculates a DCL low limit value (DCL LLV) for the 
battery. The DCL LLV corresponds with a minimum DCL 
the battery should maintain to insure minimum vehicle 
performance. The DCL LLV is selected according to the 
type of battery and other factors, such as battery temper- 
ature, battery age, and battery SOC, or it can be calculated 
by the vehicle system controller 44. 

[0044] Step 114 calculates a minimum offset to the DCL LLV. The 
minimum DCL offset includes adding a DCL low offset 
limit (DCL LOL) to the DCL LLV. Addition of the DCL LOL to 
the DCL LLV additionally increases the reserve amount of 



power the battery should maintain. The reserve amount of 
power is still available if needed, but it is not indicated to 
the driver. Preferably, the driver makes a driving decision 
without reliance on the reserve amount. The vehicle sys- 
tem controller selects or calculates the DCL LOL. 

[0045] Step 116 calculates a maximum DCL offset to the DCL 

LLV. The maximum offset includes adding a DCL high off- 
set limit (DCL HOL) to the DCL LLV. Much like the mini- 
mum offset, the maximum offset indicates a maximum 
useable amount of DCL. The maximum useable amount of 
DCL is typically less than the maximum capability of the 
battery. The maximum DCL LLV is typically less than the 
rated maximum DCL. The vehicle system controller can 
select or calculate the DCL HOL. 

[0046] Step 118 normalizes the DCL calculated in step 62 for 

display to the driver. The normalization includes adjusting 
the calculated DCL based on the DCL LLV, DCL LOL, and 
DCL HOL. The normalized DCL becomes the displayed 
percentage. Equation (2) illustrates a formula to calculate 
the normalized DCL in accordance with the second nor- 
malization method. 

[0047] {Calculated DCL- Minimum DCL Offset) 

Displayed vercenta2e — — — 

(Maximum DCLOffset- Minimum DCL Offset) 

(2) 



[0048] Figure 6 is a graphical representation of the second nor- 
malization method. The graph of Figure 6 shows that 
when the DCL LLV is 40%, the DCL LOL is 0%, and the DCL 
HOL is 40%. As such, a calculated DCL of 40% is displayed 
as a normalized DCL percentage of 0%. A calculated DCL 
of 80% is displayed as a normalized DCL percentage of 
100%. A calculated DCL in the range of 0% to 40% is lin- 
earized and is displayed as a normalized DCL percentage 
in the range of 0% to 100%. 

[0049] Returning to Figure 5, an optional override step 120 per- 
mits overriding the displayed percentage. The override 
forces the displayed percentage to 0% regardless of the 
normalized DCL. The override is triggered by the SOC of 
the battery. The override includes monitoring whether 
SOC is lower than a predefined SOC threshold. The prede- 
fined SOC threshold corresponds with the inability of the 
battery to provide sufficient power to operate the vehicle. 
The low SOC threshold is a design parameter of the bat- 
tery, but it generally corresponds to the point at which the 
decision to be made by the driver becomes more effected 
by the low SOC than the normalized DCL. The override is 
advantageous because the DCL may be sufficient for con- 
ducting the desired driving operation, but the SOC may be 



so low that the battery cannot provide enough power to 
achieve sustained vehicle performance regardless of the 
DCL. 

[0050] Figure 7 is a flow chart that illustrates a third normaliza- 
tion method, referred to with reference numeral 124. The 
third normalization method includes a step 126 to nor- 
malize SOC based on the normalization of SOC disclosed 
in the normalization method described with reference to 
Figure 3 and equation (1). Step 128 corresponds with nor- 
malizing DCL based on the normalization of DCL dis- 
closed in the normalization method described with refer- 
ence to Figure 5 and equation (2). Step 130 determines a 
lowest normalized percentage out of the normalized SOC 
and the normalized DCL. The displayed percentage be- 
comes the lowest of the normalized SOC and DCL per- 
centages. 

[0051] Figure 8 illustrates a range indicator 134 in accordance 
with one aspect of the present invention. The range indi- 
cator displays charge ranges 136 of available battery 
power, such as a below-normal battery charge 138, a 
normal battery charge 140, and an above-normal battery 
charge 142. The range indicated is selected according to 
percentage ranges assigned to each range. The displayed 



percentage from the first normalization method, the sec- 
ond normalization method, or the third normalization 
method can be matched to one of the ranges. 

[0052] For the first normalization method, the below-normal 

battery charge 138 can correspond with a normalized SOC 
in the range of 0-25%, the normal battery charge 140 can 
correspond with a normalized SOC in the range of 
25%-75%, and the above-normal battery charge 142 can 
correspond with a normalized SOC in the range of 
75%- 100%. In addition, hysteresis logic or an offset 
threshold can be included to prevent oscillations between 
the different ranges. More or less ranges can be included, 
for example, rather than three ranges, indicators for low 
charge and normal charge can be used. 

[0053] Figure 9 illustrates an electric assist unavailable indicator 
146. The electric assist unavailable indicator 146 is a light 
that illuminates based on a normalized amount of power 
available from the battery. If the light is illuminated, then 
electric assist is limited, and if the light is unilluminated, 
then electric assist is available. 

[0054] The indicator 146 can be particularly adapted to indicat- 
ing the availability of electric four-wheel drive assist in a 
vehicle having non-driven wheels which are driven by an 



electric motor to provide electric four-wheel drive. In this 
case, a limit value would be set for indicating whether 
electric four-wheel drive is available. Preferably, the limit 
would be based on a normalized amount of available bat- 
tery power as described above. 

[0055] The normalized amount of available power from the bat- 
tery can be determined from one of the above-described 
normalization methods, or according to a fourth normal- 
ization method. The fourth normalization method is 
graphically shown in Figure 10. 

[0056] The fourth normalization method 150 includes a step 152 
for calculating the battery temperature of the vehicle. Step 
154 calculates DCL as described above. Step 156 com- 
pares DCL against the battery temperature DCL threshold. 
The comparison step 156 is based on a graphical DCL 
temperature threshold, as shown in Figure 11. 

[0057] If the DCL is greater than a DCL battery temperature 

threshold 158, then electric assist is available and the in- 
dicator 146 is non-illuminated, and if the DCL is less than 
the DCL ambient temperature threshold 158, then electric 
assist is unavailable and the indicator 146 is illuminated. 
In addition, hysteresis and offset logic 160 can optionally 
be included to prevent oscillations. The hysteresis 160 



operates to increase a percentage of the DCL must exceed 
each time the calculated DCL drops below the DCL ambi- 
ent temperature threshold 112. 
[0058] While the embodiment described above relates to an HEV, 
the present invention is not so limited. In contrast, the 
present invention operates with any type of vehicle that 
relies on an energy storage device, whether the energy 
storage device is a battery, an ultra capacitor or other de- 
vice, for at least a portion of the power used to drive the 
vehicle. In addition, the present invention is not limited to 
automotive vehicles. Rather, the present invention can op- 
erate with any type of vehicle or vessel, such as boats and 
airplanes. 

[0059] While the best mode for carrying out the invention has 
been described in detail, those familiar with the art to 
which this invention relates will recognize various alterna- 
tive designs and embodiments for practicing the invention 
as defined by the following claims. 



